A new version of a Hartree-Fock program is presented that includes extensions for partially filled f -subshells. The program allows the calculation of term dependent Hartree-Fock orbitals and energies in LS coupling for configurations with no more than two open subshells, including f -subshells.
Nature of physical problem
This program determines non-relativistic, numerical radial functions and computes energy levels in the Hartree-Fock approximation.
Method of solution
The new version of the program retains the design and structure of the previous one [1] . The same self-consistent field method is used to solve the differential equation [2] . Tables from Ref. [3] that define deviations of term energies from the average energy of the configuration E av have been extended to include the partially filled f -subshells. 
Typical running time
The time required to execute the test case on a SUN Sparcstation 1 was 64.5 seconds.
LONG WRITE-UP 1 Introduction
Recently there has been a tremendous growth of interest in lanthanide and actinide chemistry and physics, yet relatively few calculations have been performed for these sytems. Though accurate results will require a fully relativistic treatment in the jj-coupling scheme, that also accounts for the nuclear effects on the energy level structure as is done in GRASP92 [1] , for example, much can be learned about quantitative behaviour of atomic properties from simpler non-relativistic calculations. For example, Tatewaki et al [2] recently found that the non-relativistic Hartree-Fock ionization potentials of singly ionized lanthanides follow the observed trends, The numerical Hartree-Fock program, HF86, published earlier [3] could only treat configurations with open f -subshells containing more than one electron, in the average-energy-of-configuration approximation [4] . In the present version, HF96, this restriction is removed, though like the earlier version, it is only able to compute the term-dependent orbitals when an expression for the energy can be determined from relatively simple formulas. More complex configuration states will still need the full power of the angular momentum programs part of the MCHF Atomic Structure Package [5] , extended also for open f -subshells.
Program organization
The new version of the HF program has the same design as the previous one [3] . It gets an expression for the average energy from the occupation numbers for the subshells and then, corrects the average energy expression with a deviation so that
The deviation, ∆E(LS), has the property that the expression is the same for particles and holes. Thus one needs to be concerned only with up to half-filled subshells and their deviations. There are simple rules for other cases (for details see [4] ). The HF program [3] is extended to include the cases:
Input data for the new version of HF is the same as before. One needs only to take into account that the classification of terms of the f subshell is more complicated than for s, p, d subshells. It is related to the fact that for the classification of f -subshell states the characteristics S ′ (multiplicity), L (total orbital momentum), and ν (seniority) are not enough. We use a classification of terms similar to that used by Nielson and Koster [7] . Namely for a particular subshell instead of ν, when the term is not unique, a single character "number", N r, is used. Its value is found in Table 1 where all terms for f -subshells are presented. In most cases, N r appears to be a digit, but since it is a single character, the single letter A is used instead of the number 10. In many instances, the term can be uniquely determined and neither seniority ν nor N r are need. However, when more than one coupling is possible, additional information is requested. Consider a calculation for the 4 F term of the configuration 4f(4)6s(1) for which the coupling of 4f(4) could be either 3 F or 5 F . Table 1 shows there is one 5 F term and four 3 F terms. In cases of such ambiguity, the user will need to provide additional information for the term and N r of the "parent", or more precisely the l**n subshell. This is illustrated in the Test Run Output.
Example
Our example shows the input to the interactive Hartree Fock program and some of the intermediate output. The calculation is for the total energy of the level 1s 2 2s 2 2p 6 3s 2 3p 6 4s 2 4p 6 4d 10 5s 2 5p 6 4f 4 3 F 4 W =(211)U =(21) 6s 1 4 F of N d + . Initially, calculations were requested for 4 F . Then the program determined an Ambiguous l**n parent term and requested information about the term and N r for 4f (4) . A calculation was desired for the 3 F parent with N r =3. This information was entered as a three-character string, 3F3. With this information, the energy expression could be determined. 
No initial estimates were provided to the program. Non-physical situations may then arise in the SCF process [6] . The output shows one such situation during the first iteration, but the program recovers and during later iterasions such warnings no longer appear. The ratio of the potential and kinetic energy is close to -2.0, as required by the virial theorem, showing good convergence for the wave function. < 1s| 2s>= 2.4D-04 < 1s| 3s>= 1.2D-03 < 2s| 3s>= 1.0D-02 < 2p| 3p>= 3.4D-03 < 1s| 4s>= 5.3D-04 < 2s| 4s>= 8.0D-03 < 3s| 4s>= 6.0D-02 < 2p| 4p>= 6.3D-03 < 3p| 4p>= 7.4D-02 < 3d| 4d>= 6.5D-02 < 1s| 5s>= 1.4D-04 < 2s| 5s>= 3.2D-03 < 3s| 5s>= 2.4D-02 < 4s| 5s>= 5.6D-02 < 2p| 5p>= 4.2D-04 < 3p| 5p>= 1.1D-03 < 4p| 5p>=-1.4D-01 < 1s| 6s>=-3.7D-05 < 2s| 6s>= 8.0D-04 < 3s| 6s>= 1.0D-02 < 4s| 6s>= 5.6D-02 < 5s| 6s>= 4.0D-01
TEST RUN OUTPUT
... Iterations Omitted for Brevity ...
ITERATION NUMBER 8 ----------------
SCF CONVERGENCE CRITERIA (SCFTOL*SQRT(Z*NWF)) = 3.6D-05 C( 1s 6s) = 0.00000 V( 1s 6s) = -1527.02399 EPS = 0.000000 C( 2s 6s) = 0.00000 V( 2s 6s) = -243.19942 EPS = 0.000000 C( 3s 6s) = 0.00000 V( 3s 6s) = -54.06456 EPS = 0.000000 C( 4s 6s) = 0.00000 V( 4s 6s) = -11.16158 EPS = 0.000000 C( 5s 6s) = 0.00000 V( 5s 6s) = -1.49103 EPS = 0.000000 E( 6s 1s) = 0.00001 E( 1s 6s) = 0.00001 E( 6s 2s) = 0.00004 E( 2s 6s) = 0.00002 E( 6s 3s) = -0.00348 E( 3s 6s) = -0.00174 E( 6s 4s) = -0.00227 E( 4s 6s) = -0.00113 E( 6s 5s) = 0. < 1s| 2s>= 7.2D-10 < 1s| 3s>= 4.8D-10 < 2s| 3s>=-1.6D-09 < 2p| 3p>=-6.9D-10 < 1s| 4s>= 1.8D-10 < 2s| 4s>= 1.8D-09 < 3s| 4s>=-1.2D-08 < 2p| 4p>= 1.6D-09 < 3p| 4p>=-7.7D-09 < 3d| 4d>=-1.5D-08 < 3s| 5s>=-8.5D-09 < 4s| 5s>=-2.1D-07 < 2p| 5p>=-1.2D-10 < 3p| 5p>=-9.8D-09 < 4p| 5p>=-2.2D-07 < 2s| 6s>= 1.3D-10 < 3s| 6s>= 2.1D-10 < 4s| 6s>=-2.9D-08 < 5s| 6s>=- 
